Objectives: Gastric endoscopic submucosal dissection (ESD) is currently a standard procedure. ESD enables en-bloc resection of large lesions, while inducing larger artificial ulcers to a greater extent than conventional procedures. Several studies have reported that proton pump inhibitors (PPIs) prevent delayed bleeding and expedite the artificial ulcer healing process. Esomeprazole, an Sisomer of omeprazole, is reportedly one of strongest inhibitors of gastric acid secretion. Previous studies have examined the effectiveness of esomeprazole. Our goal was to verify the effects of esomeprazole on artificial ulcers in a prospective study. Methods: A total of 185 patients underwent ESD for gastric neoplasms at our hospital between January 2013 and June 2015. Among these 185 patients, 49 post-ESD scar lesions were included in this prospective trial. First, 20 mg esomeprazole was orally administered to all subjects before and after the procedure. We then evaluated the delayed bleeding rate and ulcer scarring rates at 4 weeks and 8 weeks after the procedure by using a gastric ulcer stage system. Results: There was one case of delayed bleeding (2.0%). Regardless of Helicobacter pylori infection status, ulcer scarring rates at weeks 4 and 8 were respectively 28.6% (14/49) and 98% (48/49). Conclusions: Our results suggest that oral administration of esomeprazole alone may be sufficient for prompt healing of artificial gastric ulcers induced by ESD (UMIN000009367).
Introduction
Recently, endoscopic submucosal dissection (ESD) has become a standard procedure for treating gastric intraepithelial neoplasms (gastric adenoma and early gastric cancer) 1) . While ESD allows for en-bloc resection of large lesions compared with endoscopic mucosal resection (EMR), the sizes of artificial ulcers induced by the procedure are proportionately large. There have been some reports of artificial ulcers induced by ESD. Kakushima et al. 2, 3) reported that post-ESD gastric ulcers heal within 8 weeks, regardless of size, location, status of Helicobacter pylori infection, and extent of gastric atrophy. Artificial ulcers theoretically remaining in the submucosal layer are thought to heal faster than peptic ulcers.
Several studies reported that proton pump inhibitors (PPIs) are effective in preventing bleeding after the procedure and prompt healing of artificial ulcers. PPIs are widely used to treat artificial ulcers. Oh et al. 4) reported that the initial ulcer size affects the ulcer healing status by PPI at week 4 of ESD. If the size of the post-ESD ulcer is larger than predicted, PPI administration alone may not be sufficient for treating ulcers. Kato et al. 5) reported that a combination of PPI and rebamipide was more effective than PPI alone for treating ulcers larger than 20 mm within 4 weeks of ESD.
Esomeprazole, an S-isomer of omeprazole, is a new form of PPI and was reported to show stronger inhibition of gastric acid secretion than conventional PPIs 6) . There are a few reports of the artificial ulcer healing process by esomeprazole. The aim of this study was to evaluate the efficacy of esomeprazole alone for artificial ulcers induced by ESD.
Methods
A total of 185 patients underwent ESD for gastric neoplasms at Tsuchiura Kyodo General Hospital between Janu-ary 2013 and June 2015. Among the 185 patients, 49 post-ESD scar lesions were included in this prospective trial. Written informed consent was obtained for entry into the trial. An oral dose of esomeprazole (20 mg) was administered to all subjects. All subjects took esomeprazole once per day for 8 weeks. The primary endpoints were the ratio of delayed bleeding and ulcer scarring rates at 4 and 8 weeks after the procedure (Figure 1 ). Delayed bleeding was defined as clinically evident bleeding that required emergency endoscopic hemostasis and/or blood transfusion with a decline of more than 2 g/dL of hemoglobin. We evaluated ulcer scarring rates using a gastric ulcer staging system 7) (Table 1 ) at weeks 4 and 8 after the procedure.
The protocol was approved by the Ethics Committee of Tsuchiura Kyodo General Hospital.
ESDs were performed using a conventional singe-channel endoscope with forward water-supply function (GIF-H260Z or Q260J, Olympus, Tokyo, Japan). The endoscopy device in use was mainly the Dual Knife (KD-650L, Olympus). Hyaluronic acid solution was injected into the submucosal layer for mucosal incision and physiological salt solution was used for submucosal dissection. The ulcer induced by ESD was carefully examined, and any visible vessels were coagulated with hemostatic forceps (FD-410L, Olympus). VIO300D (ERBE, Germany) was used as an electrosurgical generator. An entire ESD process was performed by a single endoscopist.
All statistical analyses were performed using JMP version 10.0 software (SAS Institute, Cary, NC, USA). All data were expressed as the mean (range, minimum-maximum) and the level of significance was set at P < 0.05.
Results
Data regarding the clinical and endoscopic features of the patients are shown in Table 2 . H. pylori infection status was evaluated by serological testing, and some patients received H. pylori eradication therapy in this study. The mean operating time was 76.7 (range, 15-180) min. The mean tumor size was 16.6 (range, 4-42) mm, and the mean size of resected specimens was 33.6 (range, 10-58) mm in diameter. En-bloc resection was attained in 93.4 (46/49)% of cases. No complications including perforation occurred during the trial except for one case of delayed bleeding.
There was one case of delayed bleeding and the ratio was 2.0% (95% confidence interval (CI): 2.1-6.1%). We defined ulcer scarring as S1/S2 stage and ulcer scarring rates at 4 and 8 weeks were 28.6% (95%CI: 17.8-42.4%) and 98% (95%CI: 89.3-99.6%), respectively ( Figure 2 ). We assessed each background factor to identify correlations with ulcer scarring at week 4 after the procedure by multiplex logistic analysis, but no significant factors were identified (Table 3) .
Discussion
In Japan, gastric cancer is one of the most common cancers and was the second leading cause of cancer-related death among men and the third leading cause among women in 2013. The incidence of early gastric cancer is higher in Japan than in other countries 8) . Endoscopic resection techniques such as EMR and ESD are widely used in Japan. EMR is a fast and simple procedure, but it is difficult to achieve en-block resection of lesions larger than 20 mm in diameter. Piecemeal resection results in local recurrence patient were orally administered 20 mg/day esomeprazole; the drug was also administered at 8 weeks after the procedure. Unhealed ulcer covered by less than 50% regenerating epithelium with or without converging folds H2 (healing stage 2)
Ulcer with mucosal break but almost covered with regenerating epithelium S1 (scar stage 1)
Red scar with rough epithelization without mucosal break S2 (scar stage 2)
White scar with complete re-epithelization in 15% of cases 9) . ESD enables en-bloc resection of larger lesions than EMR 1) . The incidence of procedure relatedcomplications such as perforation and bleeding is higher in cases treated by ESD than in cases treated by EMR. Several countermeasures have been reported to be effective for preventing complications. Delayed bleedings occur in 0-5% of endoscopically treated patients 10, 11) . To prevent delayed bleeding, post-ESD preventive coagulation is effective 12) and oral intake of PPI, compared with histamine-2-receptor antagonist (H2-RA), is thought to be highly effective 13) . Artificial ulcers induced by ESD are typically larger than those by EMR. There are some reports describing the treatment of artificial ulcers. Bleeding from ulcers is considered to be one of the most serious and challenging complications during and after ESD. Post-ESD bleeding usually occurs within 2 weeks of the procedure. Therefore, expediting the process of ulcer healing is critical. Green et al. 14) suggested that intragastric pH should be greater than six in order to allow for platelet aggregation and prevent platelet disaggregation. Inhibitors of gastric acid secretion such as PPI and H2-RA are indispensable for ulcer healing and prevention of post-ESD hemorrhage. Uedo et al. 13) reported that PPI therapy is superior to H2-RA therapy for artificial ulcer healing. However, other studies reported no differences be- tween the two therapies 15, 16) . PPIs are more commonly used for treating post-ESD ulcers than other therapies.
Furthermore, some authors reported the beneficial effects of combination of PPIs and anti-ulcer agents. Rebamipide, a mucosal protective antiulcer drug, was effective in the healing process of artificial ulcers. Kato et al. 5) reported that a combination of PPI and rebamipide was more effective than PPI alone for ulcers larger than 20 mm in diameter at week 4 of ESD. Polaprezinc, a cytoprotective agent, is also used for gastric ulcer treatment. Inaba et al. 17) reported that in patients treated with lansoprazole plus polaprezinc, ulcer healing was significantly faster, and the incidence of protrusion of the ulcer base was significantly lower than in the patients treated with lansoprazole alone. To evaluate the effectiveness of esomeprazole in ulcer healing, our patients were administered mono-therapy with esomeprazole.
Previous studies have examined PPI administration. Kakushima et al. 3) reported that 4 weeks of PPI was not sufficient for healing of large post-ESD ulcers and concluded that 8 weeks of treatment were required. Arai et al. 18) reported that 2 weeks of PPI administration may be sufficient for ulcer healing. However, there is no consensus regarding the proper duration of PPI administration after ESD.
Esomeprazole was developed as a single optical isomer of racemic omeprazole and has shown some pharmacological advantages. A higher oral bioavailability contributes to a greater degree of acid suppression compared with omeprazole 6) . The lower interpatient variability is likely related to the unique metabolic pathway of the drug. Most PPIs are metabolized by CYP2C9 in the liver. Furuta et al. 19) reported a number of patients who were refractory to PPIs. Depending on the CYP2C19 genotypes, patients are grouped into three types: rapid metabolizer, intermediate metabolizer, and poor metabolizer. Esomeprazole appears to be less dependent on CYP2C19, and thus functions as a stronger gastric acid secretion inhibitor 6) .
There have been a few reports of the impact of esomeprazole on the healing of artificial ulcers. Buuno et al. 20) reported that S1 stage was achieved at week 4 of ESD in 27.6%, and 38.7% of patients treated with esomeprazole plus rebamipide and omeprazole plus rebamipide, respectively. Arai et al. 18) compared the staging of post-ESD ulcers at week in patients receiving esomeprazole plus rebamipide for 2 weeks and 4 weeks, and found that the number of patients with ulcers in the healing/scar stage was 20/6 and 28/5, respectively. In these studies, patients received intravenous administration of 20 mg omeprazole for one or two days after the procedure. Wilder-Smith et al. 21) reported no significant differences between patients receiving intravenous and those receiving oral administration of esomeprazole with respect to amount of time for which mean intragastric pH was greater than 4 on day 1 or day 5 of treatment following administration with 20 or 40 mg. Therefore, our results suggest that esomeprazole should be administered more than one week before endoscopic therapy.
Kakushima et al. 2) reported that gastric ulcers induced by ESD heal within 8 weeks, but remain in the healing stage for 4 weeks. In this trial, at week 4, ulcers reaching the scarring stage were detected in 28.6% of cases irrespective of specimen size, with a delayed bleeding rate of 2.0%. This result may be related to the strong inhibitory potential of esomeprazole against gastric acid secretion, and the use of a proper concentration of esomeprazole during the procedure by pre-administering the agents for one week before endoscopic therapy.
Thus, oral esomeprazole administration alone may be sufficient for preventing delayed bleeding and for ulcer healing.
This trial has some limitations. First, this is a single arm study. Second, the sample size was small. Third, this study was performed in a single center. Additional studies are required to confirm our results.
Conclusion
Our results suggest that single-agent therapy with esomeprazole can be used as a standard therapeutic approach for treating artificial gastric ulcers induced by ESD. Single medication may contribute to better patient adherence. Omission of intravenous administration of PPI may also reduce the burden of doctors, nurses, and pharmacists during patient admission.
